PROJECTOR APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a projector apparatus, and more 

particularly relates to a holding mechanism of an image forming optical 
system. 

2. Description of the Related Art 

A large number of projector apparatuses using an aspherical 
10 reflecting mirror in place of a projection lens have been used recently. 

There have conventionally been strict requirements for the precision of the 

distance between a display device such as a liquid crystal display device 

and a reflecting mirror, and the precisions of the distances between a 

plurality of reflecting mirrors. To meet these requirements, these distance 
15 precisions are maintained by increasing the precisions of respective parts 

constructing the projector apparatuses, and consequently the precision of 

the projector apparatuses is managed. 

However, the structure of the conventional projector apparatus is not 

prepared for a temperature change due to heat generated by a heat 
20 generation source such as a lamp, and this temperature change is 

addressed by cooling the housing itself, and thus, reducing the temperature 

change of the overall projector apparatus, for example. 

Description will now be given of a fundamental construction of the 

conventional projector apparatus with reference to Fig 1 . As shown in Fig. 
25 1 , reflecting mirrors 1 to 3 are fixed to plate 6 respectively through holding 

members 1a to 3a, The projector apparatus shown in Fig. 1 is also 
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comprised of a fourth reflecting mirror upon which light reflected by 
reflecting mirror 3 falls, and the fourth reflecting mirror is also fixed to plate 
6 through a holding member, not shown (for example, see Japanese Patent 
Laid-open Publication No. 55306/2002). In this projector apparatus, the 
5 respective component parts expand by heat under various conditions such 
as an ambient temperature change during the operation, an internal 
temperature increase due to heat generated by lamp 8, and a temperature 
increase due to an optical power, and consequently, distortions occur in 
plate 6, holding members 1a to 3a, the unillustrated holding member holding 

10 the fourth reflecting mirror, and the like. If the distances between reflecting 
mirrors excessively change as a result of these generated distortions, the 
quality of a projected image degrades, and the performance of the 
apparatus thus decreases. 

As a cross sectional view in Fig. 2 shows, plate 6 is fixed to housing 

15 9 using screws 15. Housing 9 is made of magnesium, and plate 6 is made 
of a material having a low coefficient of linear expansion. Thus, as shown 
in Fig. 1 , when radiant heat ® from lamp 8 heats housing 9, a linear 
expansion occurs at location ©, and forces expanding housing 9 in 
directions ®. are generated, plate 6 warps in direction ®. In this state, it 

20 is not possible to maintain the quality of the projected image. 

SUMMARY OF THE INVENTION 
The present invention has been created to solve the above-described 
problems, and it is an objective of the present invention to provide a 
25 projector apparatus adapted to the temperature change without requiring an 
effort of cooling the housing. More particularly, it is an objective of the 
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present invention to provide a projector apparatus having a compact and 
low-cost housing allowing a precise mount of an image forming optical 
system using a simple construction. 

One projector apparatus according to the present invention includes 
5 a light source apparatus arranged in the housing, an image forming element 
which deflect light diverged from the light source apparatus, and an image 
forming optical system. The image forming optical system includes a plate 
fixed to a housing, and a reflecting mirror attached to this plate through a 
holding member. The material of the reflecting mirror and the materials of 

10 the holding member have approximately equal coefficients of linear 

expansion. And it is to be more desired that the material of the plate have 
low coefficients of linear expansion. 

Another projector apparatus according to the present invention 
includes a light source apparatus arranged in the housing, an image forming 

15 element which receives light from the light source apparatus and forms an 
image for projection, and an image forming optical system. The image 
forming optical system includes a plate fixed to a housing, and a reflecting 
mirror attached to this plate through a holding member. A sliding 
mechanism is provided at a contact point between the plate and the housing 

20 for releasing an excessive force which is generated by a temperature 
change and acts on the contact point. 

One sliding mechanism is a bush made of an elastic material, and 
interposed at the contact point between the plate and the housing. The 
bush couples the plate and the housing to each other such that when the 

25 excessive force is generated at the contact point between the plate and the 
housing due to a temperature change, the plate can move in the acting 



direction of the force. 

Another sliding mechanism includes a magnet provided in the plate 
and a steel plate provided in the housing and attracted by the magnet. 
This sliding mechanism couples the plate and the housing to each other by 
5 the attractive force of the magnet. Therefore, when a force larger than the 
frictional resistance due to the attractive force of the magnet acts on the 
contact point between the plate and the housing, the plate moves in the 
acting direction of the force, thereby releasing the acting force. 

Another sliding mechanism is comprised of a spring interposed at the 

10 contact point between the plate and the housing. This spring couples the 
plate and the housing to each other by pressing the plate against the 
housing. Therefore, when a force larger than the frictional resistance due 
to the pressing force of the spring acts on the contact point between the 
plate and the housing, the plate moves in the acting direction of the force, 

15 thereby releasing the acting force. 

Another sliding mechanism includes the holding member which 
expands in a direction opposite to an expansion direction of the plate by a 
quantity approximately equal to the expansion of the plate when the 
temperature changes. Therefore, the distance between the holding 

20 member and the housing is maintained constant even if the temperature 
changes. 

Another slidjng mechanism includes a pin extended in the same 
direction as the plate expands, and a hole which the pin fits in. The pin is 
provided on the housing, and the hole is provided on the plate. This sliding 
25 mechanism couples the plate and the housing to each other by passing the 
pin through the hole. Therefore, a slide generated between the pin and the 
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hole avoids the distortion of the plate due to a temperature change. 

As described above, according to the present invention, there is 
provided a projector apparatus adapted to the temperature change without 
requiring an effort of cooling the housing. Therefore, even if temperature 
5 change, it is possible to maintain the quality of an image to be projected. 
Especially, since it is not necessary to provide cooling means, the housing 
can be compact and inexpensive. 

The above and other objects, features and advantage of the present 
invention will become apparent from the following description with reference 
10 to the accompanying drawings which illustrate examples of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic view showing problems of a conventional 
15 projector apparatus; 

Fig. 2 is a cross sectional view showing a holding structure of the 
conventional projector apparatus; 

Fig. 3 is a schematic diagram showing a fundamental construction of 
a projector apparatus according to the present invention; 
20 Fig. 4a is a perspective view showing an example of a sliding 

mechanism; 

Fig. 4b is a cross sectional view taken along a line A-A in Fig. 4a; 
Fig. 5 is a cross sectional view showing another sliding mechanism; 
Fig. 6 is a cross sectional view showing another sliding mechanism; 
25 Fig. 7a is a cross sectional view showing another sliding mechanism 

when a temperature change is not present; 
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Fig. 7b is a cross sectional view showing the sliding mechanism 
shown in Fig. 7a when a temperature change occurs; 

Fig. 8 is a schematic view showing another sliding mechanism; and 
Fig. 9 is a schematic view showing another sliding mechanism. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Description will now be given of a fundamental construction of a 
projector apparatus according to the present invention with reference to Fig 
3. Since the fundamental construction of the projector apparatus according 

10 to the present invention is similar to that of the conventional apparatus 
shown in Fig. 1, the description is provided while identical parts are 
designated by identical reference numerals. 

In Fig. 3, luminous flux radiated from lamp 8 is reflected on image 
forming element 5, then spreads and turns while being reflected by 

15 reflecting mirrors 1 to 4, finally becomes image forming light beam 7, and is 
projected on a screen (not shown). Reflecting mirrors 1 to 4 are fixed to 
plate 6 respectively through holding members 1a to 4a. To satisfy 
projection capability, the positional relationship between image forming 
element 5 and reflecting mirror 1 , the positional relationship between 

20 reflecting mirror 1 and reflecting mirror 2, the positional relationship 
between reflecting mirror 2 and reflecting mirror 3, and the positional 
relationship between reflecting mirror 3 and reflecting mirror 4 are 
sequentially and highly precisely adjusted. Plate 6, image forming element 
5, lamp 8, and the like are fixed to housing 9. 

25 The projector apparatus constructed as described above 

characteristically has an adjusting mechanism or a sliding mechanism which 



adjusts the above-described positional relationships according to a 
temperature change, thereby maintaining the positional relationships 
between respective component parts highly precise. One adjusting 
mechanism is realized by holding members 1a to 4a and plate 6 made of an 
5 optimal material (such as a material having a coefficient of linear expansion 
of 1x10" 5 /K or less, referred to as a low coefficient of linear expansion 
hereinafter). The sliding mechanism avoids a positional displacement and 
a distortion due to a temperature change. This adjusting mechanism or the 
sliding mechanism avoids an optical degradation (such a degradation which 

1 0 halves MTF of 401 p/mm to 201 p/mm) due to a temperature change. 

Description will now be given of the case where optimal materials are 
selected for the parts, for example, a glass material is selected for reflecting 
mirrors 1 and 2, and a plastic material is selected for reflecting mirrors 3 
and 4. When the reflecting mirrors are made of glass, since the change of 

15 the size due to a temperature change is small, if plastic or the like having a 
high coefficient of linear expansion is used for holding members 1a and 2a 
for respectively holding reflecting mirrors 1 and 2, reflecting mirrors 1 and 2 
break and adhesions between reflecting mirrors 1 and holding member 1a, 
and between reflecting mirror 2 and holding member 2a are detached. 

20 Therefore, a plastic material having a low coefficient of linear expansion 

(such as RSP-6500 from SHOWA HIGH POLYMER CO., LTD) is selected as 
the materials of holding members 1a and 2a. As a result, a mechanical 
damage is avoided, and the surface shape of the reflecting mirrors is not 
distorted at the same time. 

25 When a plastic material sensitive to a temperature change is used for 

reflecting mirrors 3 and 4, if a plastic material having a low coefficient of 
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linear expansion similar to the above-described material is used for holding 
members 3a and 4a, a smooth distortion is obstructed, and consequently a 
local distortion occurs. In this case, a plastic material similar to the plastic 
material used for reflecting mirrors 3 and 4 or a die cast material is selected 
5 as the material of holding members 3a and 4a. As a result, although the 
surface shapes of the reflecting mirrors change, the projected image quality 
does not significantly degrade. 

Additionally, plate 6 to which holding members 1a to 4a respectively 
holding reflecting mirrors 1 to 4 are fixed should always maintain the 

10 constant distances between the respective reflecting mirrors even if the 
temperature changes. Thus, a material having a low coefficient of linear 
expansion is selected as the material of the plate 6. 

On the other hand, if proper materials cannot be selected for 
eliminating the influence of the linear expansion, and respective parts are 

15 susceptible to the influence of the radiant heat from lamp 8 at the same time, 
a mechanism is provided for releasing the distortions due to the linear 
expansion of the respective parts. 

As shown in Fig. 1 and Fig. 2, the conventional projector apparatus 
has such a serious problem as the warpage of plate 6 to which holding 

20 members 1a to 3a respectively holding reflecting mirrors 1 to 3 are fixed. 
The warpage of plate 6 occurs due to a force generated by the difference 
between the linear expansion of plate 6 and that of housing 9. In the 
present embodiment, a sliding mechanism is provided between housing 9 
and plate 6 for releasing the force which generates the warpage of plate 6. 

25 Description will now be given of this sliding mechanism. 

Fig. 4a is a perspective view showing an example of the sliding 



mechanism and Fig. 4b is a cross sectional view taken along a line A-A in 
Fig. 4a. The sliding mechanism shown in Fig. 4a and Fig. 4b uses bush 10. 
Fig. 5 is a cross sectional view showing a variation of bush 10. 

Bushes 10 shown in Fig. 4a, Fig. 4b, and Fig. 5 are made of an 
5 elastic material such as rubber, and have a through hole for passing through 
screw 15 at the center. Bush 10 shown in Fig. 4a and Fig. 4b has a 
cylindrical shape, and opening 20 in a shape of two overlapped circles 
including two holes 21 and 22 is formed on plate 6. Bush 10 is fit into one 
hole 22 of opening 20, and couples plate 6 and housing 9 to each other 

10 using screw15 by sandwiching recessed portion 24 in opening 20 of plate6 
between bottom surface 23 and housing 9. When a distortion is generated 
on housing 9 due to a temperature change, a slide occurs between bottom 
surface 23 of bush 10 and recessed portion 24 in opening 20, and 
consequently the distortion of plate 6 is avoided. The force applied by 

15 bush 10 for coupling plate 6 and housing 9 to each other can be adjusted by 
changing the amount of the thread insertion of screw 1 5. When a force 
larger than a specified coupling force is acting between bottom surface 23 of 
bush 10 and recessed portion 24 of opening 20 due to a distortion of 
housing 9, a slide occurs between bottom surface 23 and recessed portion 

20 24. 

Groove 30 is circumferentially formed on the outer peripheral surface 
of bush 10 shown in Fig. 5. This bush 10 is fixed to housing 9 by screw 15 
passing through the through hole. Plate 6 is fixed to housing 9 by fitting 
peripheral edges 32 of openings 31 formed at four corners of plate 6 into 
25 grooves 30. When a distortion is generated on housing 9 due to a 

temperature change, slides occur between grooves 30 of bushes 10 and 



peripheral edges 32 of openings 31 of plate 6 respectively fit into grooves 
30, and consequently the distortion of plate 6 is avoided. 

Fig. 6 is a cross sectional view showing another sliding mechanism. 
A sliding mechanism shown in Fig. 6 is a sliding mechanism using a magnet. 
5 Magnet 1 1 is embedded into a recess of plate 6, and steel plate 1 2 is 
embedded into housing 9. Plate 6 is pressed against housing 9 by a 
constant attractive force between magnet 11 and steel plate 12. Even if 
the attached position between plate6 and housing9 is displaced by 
expansion of housing 9, since housing 9 and plate 6 are not completely 

10 fixed to each other, a slide is generated along the contact faces, and 
consequently a force distorting plate 6 is not generated. 

Fig. 7a and Fig. 7b are cross sectional views showing another sliding 
mechanism. The sliding mechanism shown in Fig. 7a and Fig. 7b presses 
plate 6 against housing 9 using a spring. As shown in Fig. 7a, this sliding 

15 mechanism has the structure which couples plate 6 to housing 9 using 
screw 15 through coil spring 13. Although plate 6 is always pressed 
against housing 9 by coil spring 13, plate 6 is not completely fixed to 
housing 9. Thus, when housing 9 is distorted by a linear expansion, a slide 
is generated between the respective contact faces of housing 9 and plate 6, 

20 and consequently the distortion of plate 6 is avoided. The force applied by 
coil spring 13 for coupling plate 6 to housing 9 (elastic recovery force) can 
be adjusted by changing the amount of thread insertion of screw 15. When 
a force exceeding the fixing force of coil spring 13 acts on the contact faces 
of housing 9 and plate 6 as a result of distortion of housing 9, a slide occurs 

25 between the contact faces. 

Fig. 8 is a schematic view showing another sliding mechanism. The 
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sliding mechanism shown in Fig. 8 has the structure for canceling a 
distortion by causing a holding member to expand in the opposite direction 
of the expansion of plate 6. Holding member 1a which holds reflecting 
mirror 1 and has the length of Y is made of such a material that when plate 
5 6 having the length of X expands by "a", holding member 1a expands by "a" 
in the opposite direction of the expansion of plate 6 on equal temperature 
term. As a result, the relative change of the length "L n becomes zero, and 
consequently, the distance between reflecting mirror 1 and image forming 
element 5 is always maintained to be constant. 

10 Fig. 9 is a schematic view showing another sliding mechanism. 

Housing 9 is provided with pin 14 extended in the direction of the distortion 
of housing 9. Pin 14 passes through a hole provided on one side of plate 6. 
The opposite side of plate 6 is completely fixed to housing 9. In case of an 
expansion or a shrinkage of plate 6 due to a temperature change, pin 14 

15 moves sliding inside the hole. Thus, a force which distorts plate 6 does not 
act on plate 6. 

While preferred embodiments of the present invention have been 
described using specific terms, such descriptions are for illustrative 
purposes only, and it is to be understood that changes and variations may 
20 be made without departing from the spirit or scope of the following claims. 
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